tion. The prevalence of CTS in the Medicare patient population leads to a large amount of disease burden that can be averted by surgical management. There is an increased focus on cost effectiveness and cost containment in medicine, and as such an understanding of health care resource utilization and economic burden for CTS would be valuable. The purpose of this study was to describe the disease burden of CTS in the Medicare patient population and to evaluate the benefit of providing surgery from a disease burden aversion model.
Methods

Data Collection
To assess the economic benefit of surgery for CTS, a previously reported utilization study was performed by the authors. 13 A retrospective review of a Medicare database within the PearlDiver supercomputer was performed for patients undergoing open carpal tunnel release (OCTR) or endoscopic carpal tunnel release (ECTR) from 2005 to 2012. The PearlDiver database is a publicly available Health Insurance Portability and Accountability Actcompliant national database compiled from a collection of private payer records. This database contains current procedural terminology (CPT) and International Classification of Diseases, Ninth Revision (ICD-9) codes. Patients who underwent OCTR were identified by CPT code 64721 and ICD-9 code 04.43. ECTR was identified by CPT code 29848. CTS was identified by ICD-9 code 354.0.
Disability-Adjusted Life Years
The disability-adjusted life year (DALY) was created in the early 1990s as a health measure that extended beyond deaths avoided. It encompasses healthy years of life lost as a result of disability as well as years of life lost due to premature death. 19 The DALY itself is calculated by assigning a particular health state with a corresponding disability weight ranging from 0 to 1 (0 = perfect health, 1 = death). The value of a DALY is impacted based on adjustments made to discounting and age weighting. Discounting arises from the belief that individuals value a healthy year of life at the present, decreasing the value of a life year in the future. Age weighting places more value on a year of middle life compared to those at the beginning or end of life. Due to the debate over the accuracy of these principles, calculations were made with and without age weighting and discounting. 20 
Calculating DALYs
DALYs were calculated and converted to US dollars by means of the human capital approach. The human capital approach assumes that the individual is valued at their contribution to the economy. The notation DALY (r,K,C) represents the adjustments to the DALY based on discount-weighting, age weighting, and the age-weighting factor, respectively. For the human capital approach, DALYs (3,1,0.04) were calculated under the conditions of 3% discounting + age weighting. Additionally, DALYs (0,0,0) were calculated under the conditions without discounting or age weighting. DALYs were calculated using the following equation used in previous studies: 5, 20, 26 in which "L" is the country-specific life expectancy in the US (www.worldbank.org), "a" represents the age of onset of disease, and "DW" represents the disability weight for carpal tunnel syndrome.
7 Age of disease onset was set at 65 years of age to avoid overestimating the disability within the Medicare patient population. "K" is the ageweighting modulation constant (0 = no age weighting, 1 = age weighting), "C" is the age-weighting disability constant (0.04), "x" is the age integrated over the duration of disease and/or years of life lost, and "r" is the discount rate (3%).
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Valuing DALYs
The human capital approach values averted DALYs at a lower bound of DALYs (3,1,0.04) × gross national income (GNI) per capita and an upper bound of DALYs (0,0,0) × GNI per capita. The GNI per capita was calculated by averaging the US GNI per capita reported by the World Bank (data.worldbank.org) from the years included in this study.
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Determining Economic Benefit
The DALY calculations allow one to interpret and quantify multiple health states. Importantly, this allows for the calculations of DALYs averted due to an intervention by establishing two scenarios that reflect the course of disease with and without intervention. In the first scenario, the assumption is made that no surgical intervention is performed, and DALYs are calculated. In the second scenario, DALYs are calculated when surgical intervention is conducted. The difference obtained by subtracting total DALYs in scenario 2 from scenario 1 is representative of the DALYs averted due to the intervention, and is representative of the improved health care state as a consequence. Economic benefit is the value of this difference in US dollars (USD). 26 The assumption is that surgery for CTS relieves the disability weight associated with the condition. Calculations for economic benefit were made for 100%, 90%, 80%, and 70% success rate, representing the proportion of DALYs averted by means of surgery.
Results
Medicare Utilization
Our query returned 1,500,603 patients with CTS of which 507,924 (33.8%) and 68,768 (4.6%) were managed surgically with OCTR and ECTR, respectively (Fig. 1A) . Surgeries for CTS were performed most frequently in the < 65 age group. Both procedures were performed most commonly in females (64%) compared with males (36%; Fig. 1C ). OCTR and ECTR were performed the most in the Southern region (36.1% and 37.6%) and the least in the Western region (12.9% and 14.7%; Fig. 1B) . Mean annual charges were significantly higher in the OCTR group ($3820) than ECTR ($2952). Conversely, reimbursements paid by Medicare were higher in ECTR ($1643) than OCTR ($1312; Fig. 2 ).
DALYs
DALYs were calculated for all 1,500,603 patients with CTS within the Medicare patient population. This resulted in a total of 450,235 DALYs calculated using age weighting and discounting, and a total of 804,113 DALYs calculated without age weighting and discounting (Table 1) . CTS results in an average loss of 78,375 DALYs per year. Converting DALYs into USD, the total disease burden of carpal tunnel syndrome ranged from $2.7 to $4.8 billion annually or between $21.8 and $39 billion during the study period (Table 2) .
Economic Benefit
In scenario 1, a total of 1,500,603 patients with CTS experienced a health state equivalent to 450,000-804,000 total DALYs. In scenario 2, 576,692 of these patients underwent surgical management that resulted in an improved health care state of 277,000-495,000 total DALYs. Subtracting scenario 2 from scenario 1 resulted in a total of 173,000-309,000 total DALYs averted due to both OCTR and ECTR.
Converting averted DALYs to USD amounts to $8.39-$14.98 billion in total gross economic benefit for both OCTR and ECTR assuming a 100% success rate, $7.54-$13.48 billion assuming a 90% success rate, $6.71-$11.98 billion assuming an 80% success rate, and $5.87-$10.48 assuming a 70% success rate. OCTR was responsible for (r,K,C) = (discount rate, age weighting modulation constant, age weighting disability constant) the greatest amount of gross benefit due to a greater number of procedures performed compared to ECTR. OCTR and ECTR costs were generated from the average charges billed to Medicare at $3820 and $2952, respectively. The product of the average cost and the total number of procedures resulted in total costs of $1.94 billion and $203 million for OCTR and ECTR, respectively (Tables 3 and 4) . Average annual costs amounted to $242.5 million/year and $25.4 million/year for OCTR and ECTR, respectively. These costs were used to determine the cost-benefit ratio for surgical intervention for CTS.
Subtracting total costs from total gross economic benefit yields the net economic benefit of surgeries for procedures performed within the Medicare patient population. Net economic benefit totaled between $6.2 and $12.8 billion, or an average between $780 million and $1.60 billion per year. Total net economic benefit for OCTR ranged between $5.4 and $11.2 billion (Table 3) , while for ECTR it ranged between $803 million and $1.59 billion (Table 4) . ECTR was associated with lower costs, therefore the net economic benefit was greater per patient. ECTR provided between $11,683 and $23,186 per patient at 100% success while OCTR provided between $10,711 and $22,132 per patient at 100% success. The most conservative estimate for CTS surgery was at a surgical success rate of 70%. This success rate equaled $7498 to $15,492 per patient for OCTR and $8178 to $16,230 per patient for ECTR (Tables  3 and 4 ). The benefit-cost ratio at its most conservative is 2.7:1, yet could be as high as 6.9:1 with greater surgical success.
Discussion
This study is the first to analyze the utilization, cost of treatment, disease burden, and economic benefit of treating CTS in the Medicare patient population. CTS is the most common peripheral neuropathy in the US and no treatment leads to mild to moderate disability. This study attempted to quantify that disability and the long-term benefit of surgical intervention.
CTS management has evolved over time with trends shifting from an open toward an endoscopic approach. 22 Although many studies have reported similar outcomes, the endoscopic approach is being utilized at a greater rate over the past two decades. 8, 10, 17 This growth might be influenced by patient preference due to a reduction in scar tenderness and increase in grip and pinch strength. 17, 23 Interestingly, financial factors might be present as well. Our study found that ECTR charges were lower, which is corroborated by the study of Trumble et al. who found that the average cost of OCTR was $3940 compared with $3750 for ECTR. 24 These financial factors may impact patient and physician preference, but they also impact the net economic benefit provided to the population affected by CTS. Our study found higher net economic benefit provided by ECTR compared with OCTR, due to the lower charges.
Defining the surgical success rate can be difficult due to variations in both surgeon and patient factors across the Medicare population. For this reason, benefit was calculated at varying ranges of surgical success ranging from 70% to 100% success. Importantly, factors such as complication rate, reoperation rate, and patient satisfaction should be considered. Atroshi et al. reported the outcomes of 128 patients, 12.8 years following a randomized controlled trial for open versus endoscopic carpal tunnel release. There was similar efficacy in reduction of symptom severity between the two approaches, with a reoperation rate of 6%. 2 In a recent meta-analysis, Vasiliadis reported an overall complication rate of 3.84% over 7227 patientyears. 25 Additionally, a meta-analysis by Zuo et al. utilized four studies to estimate patient subjective satisfaction at 87.96% and 87.97% for ECTR and OCTR, respectively.
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Overall, both OCTR and ECTR provide successful surgical management of CTS. In 1998, Katz et al. suggested a surgical success rate of > 70%, which was later supported by Bland in 2007 who reported a rate of 75%. 4, 12 Subsequent studies suggested that CTS surgery appears to be corrective or obtain adequate relief of symptoms in 70%-90%. 15, 16, 18 The authors believe that a surgical success rate of 70%-80% can be used to conservatively estimate the economic benefit of OCTR and ECTR. Therefore, the most conservative estimate of CTS surgery (70%) would provide between $3.73 and $8.34 billion in net economic benefit. This amounts to a benefit-cost ratio of 2.7:1 to 4.9:1.
Our study found a large economic burden of CTS within the Medicare population. CTS disease burden is greater than the annual burden of peptic ulcer disease, but less than conditions such as periodontal disease or benign prostatic hypertrophy (Fig. 3) . 11 OCTR and ECTR have provided a remarkable amount of benefit within the Medicare patient population. In the future, cost of treatment will likely be a main driver to utilization. This study indicated that surgical management is providing a large amount of benefit with a very low cost/ DALYs. Cost/DALYs was optimized when ECTR was utilized, however, this is functioning under the assumption that both procedures are providing equivalent improvement in the health state. Future studies may provide further insight into the optimal treatment modality and will be able to delineate which approach is most cost-effective.
Limitations
This study is not without limitations. The PearlDiver database is reliant on accurate CPT or ICD coding, which creates the potential for a reporting bias. In addition, we investigated charges and reimbursements rather than direct costs because this was not available within the PearlDiver database. Finally, patient comorbidities were not stratified within the scope of this study.
The limitations of DALYs are well described in previous literature. 1 The DALY was not intentioned to quantify reduction of the burden of disease. 26 The authors believe that this model is a reasonable assessment of the economic benefit in treating CTS, as surgical management has an established efficacy. The disability weight was established in surveying 30,660 people, which is likely representative of the patient perception of healthy years of life loss due to the condition. This analysis is limited in the fact that a large number of Medicare patients incorporated were subject to surgical management by two different modalities. Each modality may be performed by a litany of different techniques and/or systems, by many different surgeons. We attempted to account for this variability by calculating the economic benefit across increasing proportions of surgical success.
Conclusions
This study indicates there is a great amount of economic benefit provided by performing OCTR and ECTR for CTS within the Medicare patient population. The total annual DALYs for CTS are comparable to that of peptic ulcer disease, pruritus, and cataracts. Each patient treated provides $7498 to $22,132 in benefit for OCTR and $8178 to $23,186 in benefit for ECTR depending on the surgical success rate. The cost-benefit ratio, therefore, is 2.7:1 with most conservative estimates, and potentially as high as 6.9:1.
